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Cation -anion relationships in crop nutrition
III. Relationships between the ratios of sum of the cations: sum of the anions
and nitrogen concentrations in several plant species
BY R. K. CUNNINGHAM
Bothamsted Experimental Station, Harpenden, Herts.
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A previous paper (Cunningham, 19646) showed
that the ratios of sum of the cations:sum of the
anions (R) in Italian rye-grass were not constant
but correlated negatively with % N in the grass
and it discussed how ion interactions in grass could
be explained in terms of this relationship. Because
there was no information to show whether there is
a similar relationship in other plants, the work
described in this paper was done.
MATERIALS AND METHODS
The above-ground portions or leaves of nineteen
agricultural or horticultural plants (sugar beet,
potato, swede, mangold, kale, tare, lucerne, bean,
pea, white clover, apple, pear, strawberry, wheat,
barley, oat, rye, maize, and rye-grass) grown on
Rothamsted farm or near Harpenden in 1961 or
1962, were analysed for Na, K, Ca, Mg, N, P, Cl
and S by methods described previously (Cunning-
ham, 1964a). The chemical composition of forty-
three other samples were taken from analysis
published by others in different countries and
years; these samples included some of the plants
already listed but also turnip, many pasture weeds,
cattle cabbage, tobacco, timothy, Yorkshire fog,
red fescue and crested dogstail. (Sulphur measure-
ments were not given for the pasture weeds and
three grasses had no N measurements; 0-4 % S and
2-0% N were assumed.) Appendix Table 1 lists
the sixty-two plants with references.
Presentation of results
The sums of the cations (Na + K + Ca + Mg in
m-equiv./lOO g. of oven-dry plant material) and
the sums of the anions (N + P + Cl + S in m-equiv./
100 g.) were calculated and termed 2 cations and
S anions respectively. The ratio of 2 cations: 2
anions was abbreviated to R.
RESULTS
Chemical composition of plants
The chemical compositions of the various plants
differed greatly; the concentrations (% in oven-dry
material) of different elements are given in the
following ranges: Na (0-01-2-22), K (0-61-5-61),
Ca (0-15-4-06), Mg (0-08-0-47), N (0-60-5-82),
P (0-112-0-681), Cl (0-058-3-27), and S (0-110-
1-42). More details are given elsewhere (Cunning-
ham, 1963).
The relationships between the ratios of sum of the
cations: sum of the anions and nitrogen concentrations
in various plants
The R values, calculated from the chemical
composition data, and % N in the sixty-two
plants were negatively but not well correlated
(r = —54***). When the various plant species
were divided into two groups, one containing
forty-three cotyledons and the other nineteen
monocotyledons, the R values ranged from 0-30
to 1-19 for dicotyledons and from 0-33 to 1-06 for
monocotyledons. Within each of these two groups,
R was better correlated with % N than before
grouping (r = -0-71*** and -0-72*** for di-
cotyledons and monocotyledons respectively). The
relationships between R and % N in the forty-
three dicotyledons and nineteen monocotyledons
are shown in Fig. 1 and are expressed by:
R - 1-47-0-32N + 0-0235N2 (dicotyledons)
(±0-13) (±0-0185)
and R - 0-82-0-11N (monocotyledons)
(± 0-03)
where R = 2 cations: 2 anions ratio and N = % N
in dry matter. Fig. 1 also shows that, although R
in both groups of plants was negatively correlated
with % N, its values for the same % N levels were
greater for dicotyledons than for monocotyledons.
DISCUSSION
The relationship between R and % N found with
Italian rye-grass in Part II also holds with the
many other plant species examined, which suggests
that the concept of a plant mechanism regulating
the proportion of cations to anions taken up by the
plant and, probably associated with N metabolism
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Fig. 1. Relationships bet-ween the £ cations: S onions
ratios (R) and % N in various crops. •—•—,
dicotyledons; x x , monocotyledons.
(Cunningham, 19646), also applies to the sixty-two
plants in this experiment.
However, Fig. 1 shows that the relationship
between B and % N with the sixty-two different
plant species was more obvious when they were
grouped as dicotyledons and monocotyledons, each
group having its characteristic B-% N relationship
curve. The greater B values for dicotyledons than
for monocotyledons at the same % N levels may
be associated with the cation exchange capacity
(C.B.C.) of the plants' roots, if root c.E.c. influences
cation uptake by plants. Drake, Vengris & Colby
(1951) found that dicotyledonous roots usually
have larger c.E.c. than monocotyledonous roots,
and Crooke & Knight (1962) showed that 2 cations
(Na + K + Ca + Mg in m-equiv./lOO g.) in plants
were positively correlated with root C.E.O. If there
is such a relationship, dicotyledons with large root
c.E.c. would absorb, at the same level of 2 anions,
more cations than monocotyledons. Although this
could explain dicotyledons having larger B values
than monocotyledons at the same % N level, other
evidence failed to show a relationship between root
C.E.c. and cation uptake (Cunningham & Nielsen,
1963). This recent work showed that S cations in
Italian rye-grass increased without any change in
root C.E.O. Therefore, until more is known about the
influence of root O.E.C. on cation uptake by plants,
any difference in B-% N relationships between di-
cotyledons and monocotyledons cannot be attri-
buted to their root O.E.O.
SUMMARY
The ratios of sum of the cations: sum of the anions
{R) of sixty-two agricultural and horticultural
crops and pasture herbs were measured or calcu-
lated and found to be negatively correlated with
% N in the plants. This suggests that the proposal
that Italian rye-grass has a mechanism regulating
the proportion of cations to anions taken up may
also apply to other plant species. Dicotyledons
had greater B values than monocotyledons at the
same N level, but this is probably not because
their roots have greater cation exchange capacity.
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APPENDIX
Table 1. List of various agricultural and horticultural crops and pasture herbs
Plant
Sugar beet (Beta vulgaris ssp. vulgaris)
Potato (Solanum tuberosum)
Apple (Malu8 sylvestris ssp. mitts)
Pear (Pyrus communis)
Strawberry (Fragaria ananassa)
Swede (Brassica napus var. rutabaga)
Mangold {Beta vulgaris ssp. vulgaris)
Kale (Brassica oleracea var. acephala)
Tares (Vicia sativa)
Lucerne (Medicago sativa)
Bean (ViciaJaba)
Pea (Pisum sativum)
White clover (Trifolium repens)
Red beet (Beta vulgaris ssp. vulgaris)
Swede (Brassica napus var. rutabaga) [
(2 samples) I
Sugar beet (Beta vulgaris ssp. vulgaris))
Red clover (Trifolium pratense) "|
Bean (Vicia faba) [
Mangold (Beta vulgaris ssp. vulgaris) I
Turnip (Brassica rapa) )
Tufted vetch (Vicia cracca)
Bird's-foot trefoil (Lotus corniculatus)
Stitchwort (Stellaria holostea)
Chickweed (Stellaria media)
Willow-herb (Ohamaenerion angustifolium)
Meadow-sweet (Fili/pendula ulmaria)
Shepherd's purse (Capsella bursa-pastoris)
Broad dock (Rumex obtusifolius)
Bulbous buttercup (Rananculus bulbosus)
Cleavers (Oalium aparine)
Crosswort (Qalium cruciata)
Nettle (Urtica dioica)
Broad-leaved plantain (Plantago major)
Coltsfoot (Tussilago farfara)
Creeping thistle (Girsium arvense)
Dandelion (Taraxacum officinale)
Ragwort (Senecio jacobaea)
Spear thistle (Circium vulgare)
White deadnettle (Lamium albium)
Cattle cabbage (Brassica oleracea)
Tobacco (Nicotiana tabacum)
Lucerne (Medicago sativa)
Wheat (Triticum aestivum)
Barley (Hordeum vulgare)
Oat (Avena sativa)
Rye (Secale cereale)
Maize (Zea mays)
Italian rye-grass (Lolium multiflorum)
Wheat (Triticum aestivum))
Oat (Avena sativa) \
Meadow grass J
Mixed grasses
Wheat (Triticum aestivum)
Rye (Secale cereale)
Barley (Hordeum vulgare)
Oat (Avena sativa)
Timothy (Phleum pratense)
Perennial rye-grass (Lolium perenne)
Yorkshire fog (Holcus lanatus)
Red fescue (Festuca rubra)
Crested dogstail (Cynosurus cristatus)
Fairbairn & Thomas (1969)
Jones (1960)
Tejwani & Venkataraman (1958)
Truog (1951)
Present work
Warington (1886)
Christensen (1927)
Truog (1951)
Rahmin et al. (1960)
Thomas & Thompson (1948)
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